Statement of the Problem: Assessment of bone density changes plays an important role in diagnosis, treatment, and follow-up procedures. The feasibility of cone-beam computed tomography (CBCT) for assessment of bone density changes is still controversial.
these bone alterations. In the process of bone remodeling, osteoclasts as the bone resorbing cells, are activated to remove the pre-existing bone tissue and subsequently, new bone is deposited by bone forming cells namely osteoblasts in bone modeling. Therefore, there is a process of activation and resorption or activation and formation [2] .
When bone resorption and formation are balanced, the net quantity of bone density is maintained. On the other hand, when bone resorption and formation are unequal, the net quantity of bone density is altered.
Bone modeling and remodeling are activated at different time points. Active bone modeling and remodeling is stimulated by bone diseases and some impediments including postmenopausal osteoporosis, osteoarthritis, fracture healing, and implantation surgeries [2] .
Bone density assessment performs an essential part in diagnosis, treatment, and follow-up procedures of conditions such as implantation surgery, osteoporosis, and bone lesions. Several methods may be used to determine bone mineral density, including digital image analysis of microradiographs, single photon absorciometry, dual photon absorciometry, dual-energy X-ray absorciometry (DEXA) and quantitative ultrasound [1] .
Regarding the easy access and low radiation dose, conventional imaging methods such as intra-oral periapical radiography is still the first step investigation method in clinic for assessment of bony changes. Therefore, despite the development of various imaging methods, conventional radiography is yet the backbone in the diagnosis of osseous changes in the jaws [3] [4] . However, conventional radiographs have limitation for assessment of bone alterations and their accuracy in the assessment of bone density is yet unknown [5] .
Employing more accurate imaging methods are necessary in detecting the bone density changes in conditions when early or accurate recognition of these changes are crucial. Concerning the limitations of conventional radiography, cone-beam computed tomography (CBCT) has been suggested to be used for oral and maxillofacial imaging in diagnosis, treatment planning, and follow-ups. This advanced imaging method provides a good spatial resolution, grey density range, and contrast, as well as a good pixel/noise ratio [6] [7] . It is known that in CBCT, the diagnostic accuracy is higher than the conventional radiography in many aspects. In the current literature, there is controversy on the precision of grey density values (voxel value) of CBCT images as a feasible tool for assessment of bone density alteration [1-2, 5, 8] . This study examines the capability and accuracy of CBCT in estimating bone density changes in comparison with digital periapical radiography as an example of conventional imaging methods.
Materials and Method

Phantom design
In this study, we designed custom fabricated radiographic phantoms to simulate bone mineral density. The phantoms was a five-chamber, polytetrafluoroethylene ge of mineralization, from trabecular (40 to 800 mg/mL) to cortical (800 to 1200 mg/mL) bone. These concentrations were adjusted based on similar published studies [9] [10] [11] .
Radiologic evaluation
We employed CBCT to evaluate density, and compared it to a conventional method (digital periapical radiography) as a common radiographic method used in clinic.
The different concentrations of K 2 HPO 4 were scanned in CBCT in groups of five. All CBCT scans were acquired by a CBCT unit Pax-i3D (VATECH Global, Korea).
The phantom was centered in the middle of FOV (diameter, 12 cm; height, 9 cm). The CBCT unit was set at 85 kVp and 4.6 mA, with a 24-second exposure time. 
Statistical analysis
We employed general linear model analysis followed by Sidak (post hoc) test to evaluate the relationship between Figure 6 ).
In the subjective evaluation of five digital periapical radiographies performed by five observers, there was no relationship between the five proposed concentrations and the given rankings (ICC= -0.05, p= 0.54). In the objective evaluation of nine digital periapical radiographs, performed by program ImageJ software, there was no relationship between these concentrations and the yielded grey values (p=0.91; Figure 7 ). The agreement among the observers was assessed by ICC= -0.05 (p= 0.54) that showed there was no correlation among observers' rankings.
Discussion
Ideally, the process of bone assessment should be supported by real clinical images, but ethical issues and un- Generally, we demonstrated that digital periapical radiography is not sensitive to bone density changes and could only detect the presence or absence of bone mass.
In other words, different bone densities do not create different results is digital periapical radiography subjectively or objectively and consequently, this technique is not sensitive to density variations in the range of bone mineral density.
Various grey shadows in these radiographic images are the result of volume difference, diameter difference, and presence or absence of bone mass. Geha et al. [12] indicated that the contrast in intraoral images represented the change in object thickness rather than the change in X-ray attenuation. Bender et al. [13] expressed that bone lesions, created within the cancellous structure are not detectable in intraoral images and are only visualized when they destructed cortical bone. Mohajery et al. [14] demonstrated that women with osteoporosis could not be distinguished from women with normal bone density using panoramic and periapical radiography.
Although these studies have been carried out on relevant subjects, no study has directly addressed the relationship between bone density changes and conventional imaging output. CBCT is a more accurate and recent imaging method for investigating bone mass alterations but because of a few features such as difficult accessibility, higher dose, and higher expenses, this method is not commonly employed in clinic. There is still considerable disagreement concerning the accuracy and feasibility of CBCT in assessment of bone density alterations.
As mentioned before, density alterations in the range of 300 mg/mL and lower is not detectable by CBCT.
However, K 2 HPO 4 concentrations higher than 300 mg/ mL are distinguished by CBCT and this result indicate that CBCT can detect K 2 HPO 4 concentration changes 300mg/mL and above. The current study demonstrated that density changes in high-density objects (such as cortical bone and medium to high-density cancellous bone) could be detected by CBCT, but this method is not reliable for this assessment in low-density objects.
Sanjana et al. [15] concluded that the bone densities for hyperdense structures on CBCT show a significant difference, on the other hand, the grey value for hypodense structures is not reliable. Hohlweg et al. [16] , Naitoh et al. [17] and Parsa et al. [18] reported that voxel values of CBCT could be used to estimate bone density. They assessed higher densities such as cancellous and cortical bone and described the results generally for all densities. However, lower density range is missing from their investigations. Nomura et al.
[8] designed a water phantom with sample tubes containing various concentration of hydroxyapatite. They revealed that there was no correlation between the voxel values of CBCT and the CT numbers of MSCT. Nevertheless, the concentrations of hydroxyapatite in their study were up to 100 mg/mL, which was lower than the density range we found the CBCT was sensitive to.
Cassetta et al. [7] had results incompatible with our study. They demonstrated that the use of CBCT to evaluate the bone density of jaws is not useful when the values are taken as absolute values, therefore, they are not reliable to assess bone density changes. In their study, exposure conditions for each group were different from our study. This might explain the different results yielded by our study. We hope that further studies assess the relationship between density changes in higher densities and voxel values of CBCT in various exposure conditions.
Conclusion
This study demonstrated that CBCT is a reliable method for the assessment of bone density changes in highdensity range (such as cortical bone and medium to high-density cancellous bone) but it is not reliable for this assessment in lower density range. Digital periap-ical radiography is not a reliable method when it comes to bone density changes both when the evaluation is objective and subjective. Digital periapical imaging method may not be applied for the assessment of bone density; while in higher densities, the employment of CBCT seems to be feasible.
